METHODS AND WELL OPERATIONS   399
The control and recording apparatus is similar in a general way
to that used for seismic prospecting. If a microphone is used,
the output is amplified and connected to an oscillograph making
a photographic record on a moving tape. If a mechanically
actuated mirror is used, a record may be made without inter-
mediate amplification. A recently developed apparatus has a
recording pen so that the result of a measurement becomes avail-
able immediately with no waiting for the development of a
photographic record. The firing of the shot is controlled elec-
trically and is coordinated with the recording so that the shot is
fired shortly after the photographic tape is started through the
camera. Some systems use a special valve in front of the detec-
tor which is opened at a predetermined time after the shot is
fired to protect the detector from the immediate effects of the
wave generating explosion.
The velocity of transmission of the sound wave varies over a
considerable range because of the variable nature of the gas in the
well. If a well is producing gas, so that it is flushed out by the
flow, the gas content will be quite uniform, and the wave velocity
uniform. This wave velocity may be determined by a separate
measurement of travel time on a sample of gas drawn into a
special pipe or tubing of known length, using the same apparatus
that is used on the well.
Frequently the wave velocity is quite variable between the
top and the bottom of the well. This occurs in wells that are
not making any appreciable volume of gas. However, the space
above the oil contains certain gases that are evaporated from the
oil, and these may be heavy (for instance, propane) and have a
wave velocity lower than that of air. As the fluid level rises and
falls, owing to changes in the pumping rate, the gas becomes
partially mixed with air so that the space may contain mostly
air at the top and mostly heavy gas at the bottom. Figure 177
shows wave velocities calculated from measurements in a well
in which the velocity varied from about 1,060 ft. per second
(mostly air) at the top of the well to about 715 ft. per second
(probably mostly heavy gas) at the bottom of the well.
There are always other reflections observed besides the one
from the surface of the fluid. These come from other mechanical
discontinuities in the space in which the sound wave travels.
These can be used to determine wave velocity so that accurate